Abstract
Introduction
Linear Frequency Modulation (LFM) signals are widely used in the fields of radar and communication etc., which make signals detection and parameters estimation a very important technology in multicomponent LFM signals in noisy case [1] . For the Wigner-Ville distribution (WVD) of a LFM signal has the best time-frequency (TF) concentration and its time-frequency distribution (TFD) expresses as a line, then the processes of signal detection and parameter estimation can be accomplished by Hough transform [2] [3] [4] [5] . The commonly used methods of LFM signals detection and parameters estimation are focused on combining the WVD and Hough transform, for instance the Wigner-Hough transform (WHT) [6] , the RSPWVD-Hough distribution [7] , the RadonAmbiguity transform [8] , etc. Whereas the WVD of multicomponent LFM signals is disturbed by the cross-terms seriously, even its improved distributions, for instance the Pseudo WVD (PWVD), the Smooth Pseudo WVD (SPWVD), etc. all can not free from cross-term entirely, which limits further application of this type of methods. A detection method of LFM signals based on wavelet ridge extracting and Hough transform is proposed in [9] , however it is difficult to select the suitable threshold in wavelet ridges extraction in noisy case. By combining the Short Time Fourier Transform and continuous wavelet, Stockwell R. G. et al. proposed the S-transform in [10] , which has variable resolution by using Gaussian window functions and its width related with frequency; and the Stransform is a linear invertible transform and has no cross-term meanwhile, it has been a very important tool to time-frequency analysis of nonstationary signal processing. In [11] a multicomponent LFM signals detection method based on S-transform and Hough transform is presented, nevertheless, the TF concentration of S-transform of LFM signal is not ideal, particularly in low SNR case, which cause low precision in detection and parameter estimation.
Based on studying the properties of LFM signal and its S-transform TFD, this paper proposed a detection and parameter estimation algorithm of multicomponent LFM signals based on reassigned Stransform and Hough transform, through using the reassigned S-transform TFD to replace the TFD of S-transform directly, finally accomplish LFM signal detection and parameter estimation processes by Hough transform, which could improve the precision of signals detection in noisy signals. The simulation results show that this method has good performance in signal detection and parameter estimation to the multicomponent LFM signals, even in low SNR case. 
then its instantaneous frequency (IF) can be defined as
It is shown in equation (3) that the IF of LFM signal is a linear function of time variable and it expresses as a straight line on the TF plane, the processes of signal detection and parameters estimation of LFM signal can be translated into slope and intercept determine of the IF line on TF plane [6] ..
Theory of S-transform and its reassigned time-frequency distribution

Theory of S-transform
By combining the STFT and wavelet, S-transform of a time series derived by Stockwell, et al. in [10] is defined as:
where ( , ) S f  is S-transform of ( ) h t , f is frequency,  is the center of time window. From equation 4 we can know that the S-transform can be treated as STFT with adaptive Gaussian window function or a continuous wavelet (CWT) with special mother wavelet function. Whereas the width of window function of S-transform is changing with frequency f therefore it has variable resolution; at the same time the basic wavelet of S-transform do not have to meet admissibility condition, which is different to the CWT. The S-transform is a new linear time-frequency transform and has superiority characteristic of free from cross-term, so it can be applied to the analysis and processing of nonstationary signals.
The window function of S-transform should meet normalized condition as
therefore S-transform and Fourier transform (FT) have relations as
A Detection and Parameter Estimation Method of Multicomponent LFM Signals Based on Reassigned S-Hough Transform
where ( ) H f is the FT of ( ) h t . It is clear from equations 6 that the S-transform is nondestructive reversible which ensure it has no information loss in the interconversion between time domain and frequency domain. In consideration of the relation between S-transform and FT, the S-transform and its invert transform can be calculated by Fast Fourier transform (FFT), which enhance the calculation speed greatly and make S-transform has more extensive application prospect.
To Improve the S-transform by introduced two adjust parameters and reconstruct the Gaussian window function, the generalized S-transform is formulated [12] . This allows the transform adaptively verifies the window functions base on the distribution features of frequency so it is more effective in practice. The generalized S-transform is defined as:
where  and p are adjustment parameters. If p is defined, the window width of the generalized Stransform broadened when  increasing. In order to get high time resolution, narrower window function is chosen but the frequency resolution will be decreased at the same time due to the Heisenberg uncertainty. 
where ( ) i A t and ( ) i t  are amplitude and instantaneous phase of ( ) i u t respectively. According to the definition and linear characteristic of generalized S-transform we can get the generalized S-transform TFD of ( ) u t as: Figure 1 shows that to a multicomponent LFM signals, the TFD of WVD has the best TF concentration, but it disturbed by the cross-term so seriously to reduce the readability. Figure 2 indicates that the S-transform is free from cross-term and has good TF concentration at the same time, which provides it unique advantages in multicomponent LFM signals detection and parameters estimation. It can be seen from figure 1 and figure 2 that the TF concentration of S-transform is lower than the WVD's and the S-transform TFD of each LFM signal component is not a single line, which could cause large detection error if use Hough transform to detection lines on the S-transform TFD directly.
Reassigned TFD of S-transform [14]
It is indicated in figure 2 that the time-frequency concentration of S-transform is not very good, which could cause low precision in signal detection and parameter estimation when we use Hough transform to the S-transform TFD. To solve this problem, the reassigned TFD is adopted in this paper. The reassigned TFD is the mapping processing to each TFD point ( , ) t f to their center of gravity 
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then the value of any point ' ' ( , ) t f of the reassigned TFD is the summation of TF value of all the points reassigned to this point and its expression as 
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where ( ) t  is the impulse function. Though the reassigned time-frequency process, the energy of signal on the TF plane can be redistributed and the accuracy of positioning of effective signal components can be improved. The reassigned TFD can use both the amplitude information and the phase information of the S-transform, which is the most valuable property of it.
In the practical calculation process, in order to reduce the complexity of the calculation, the equation (9) and (10) 
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Through reassigned process to the S-transform of figure 2, the reassigned TFD is shown as figure 3 . The reassigned S-transform TFD has better time-frequency concentration than S-transform, not only has properties information of signals but also depicts the TF regions of clusters of energy of the signals [10] . For this reason this paper reassign the S-transform TFD of multicomponent LFM signals and the result is shown as figure 3.It can be seen from the comparison of figure 1 and figure3 that to a multicomopnent LFM signal, its WVD on the TF plane is composed of fine lines of effective components (auto-term) and the cross-term; the reassigned S-transform is well identical with the fit lines of auto-term of WVD, which indicate that the reassigned S-transform of multicomponent LFM signals can serve as effective characterization of TFD of this type of signals, because of that, the detection and parameters estimation of multicomponent LFM signals can be accomplished by execute Hough transform to the reassigned S-transform.
Theory of Hough transform
The Hough transform is a straight lines detection method in transform domain and its fundamental is the duality of points and lines. The Hough transform maps straight lines in image space to a point on the Hough plane, which transform the straight lines detection processes in the image space to the points estimation operations in the parameter space [15] . The basic theory of straight lines detection with Hough transform as follows:
To a point 0 0 ( , ) x y in the image space, the normalized parameters equation of Hough transform is defined as 
The algorithm flow
Suppose a N component LFM signal, the main steps of LFM signal detection algorithm based on Reassigned S-transform and Hough transform proposed in this paper as:
Step 1 Step 4 Count the amount of ( , ) 
Simulation results and analysis
To illustrate the validity of the method proposed in this paper, a set of 3-component LFM signal is designed with the duration time is 0.5s and the number of sampling points is 512. The initial normalized frequencies of each component are 0.1, 0.2 and 0.45 and the modulation slops are 100, 120 and -120 respectively. The relative amplitudes of each component are equal. In order to verify the performance of noise immunity of this method, a zero-mean Gaussian white noise is added to the simulation signal and the signal to noise ratio (SNR) is set to -5dB by a suitable variance is selected to the Gaussian white noise. To the simulation three-component LFM signal, the result of comparative analysis of this method with the WHT and S-Hough is shown in figure 4 . 
Conclusions and suggestion
Aiming at the problems of signal detection and parameters estimation of multicomponent LFM signals, this paper proposed a detection method based on reassigned S-transform and Hough transform, which solve the detection performance decreasing problem of WHT method to multicomponent LFM signals caused by interference of cross-term and low parameters estimation precision of S-Hough method owing to poor TF concentration of S-transform. Simulation results show that this method has very good performance of signal detection of multicomponent LFM signals in low SNR, which provide a novel way of thought and method to signals detection and parameters estimation. Future studies would be needed to add appropriately processes of denosing so that the signals detection performance in low SNR case could be improved greatly.
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